ABSTRACT HIMMELFARB, PHILIP (University of Massachusetts, Amherst), R. B. READ, JR., AND WARREN LITSKY. An evaluation of 3-propiolactone for the sterilization of fermentation media. Appl. Microbiol. 9:534-537. 1961.-Twenty-five bacterial species were cultured in basal broth plus 1 of 19 different carbohydrates which were sterilized by Seitz filtration, autoclaving (112 C, 10 min), or exposure to 0.2% ,B-propiolactone (BPL). No significant differences were found either in the visual observations for acid and gas, pH, or titrable acidity determinations after 3 days of incubation with any of the three preparations tested. An effort was made to further determine the effect of BPL and heat on carbohydrates by assaying for glucose before and after treatment. Results indicated that glucose was not degraded by 0.2% BPL, however, it was shown that autoclave temperatures caused extensive degradation. Statistical treatment of the results from Warburg studies indicated that BPL-treated glucose showed no appreciable toxic effects, although the actual oxygen uptake was not as great as with Seitz-or autoclavetreated glucose. The application of the BPL sterilization process was discussed.
degraded by 0.2% BPL, however, it was shown that autoclave temperatures caused extensive degradation. Statistical treatment of the results from Warburg studies indicated that BPL-treated glucose showed no appreciable toxic effects, although the actual oxygen uptake was not as great as with Seitz-or autoclavetreated glucose. The application of the BPL sterilization process was discussed.
The effect of heat sterilization on reducing sugars employed in fermentation media has been the subject of many investigations. The decrease in concentration of these sugars due to reactions with other constituents of the heated media has been troublesome in precise measurements of fermentation processes. Attempts have been made to minimize carbohydrate degradation or reaction by the use of sterilization processes employing reduced heat exposures, filtration, or chemical agents. One of these chemical agents, 13-propiolactone (BPL) has been found in recent years to be an efficient sterilizing agent. Hartman, Piepes, and Wallbank (1951) reported that BPL possessed excellent virucidal and bactericidal properties, when used for the preparation of sterile whole blood and blood plasma. Curran and Evans (1956) indicated that BPL rapidly killed bacterial spores. Bernheim and Gale (1952) and demonstrated the fungicidal activity of BPL against pathogenic and nonpathogenic fungi. BPL is currently being used to sterilize arterial homografts, according to the method suggested by Lo Grippo et al. (1955) . Recently, BPL has been shown by Hoffman and Warshowsky (1958) Visuial observations for acid, with or without gas production, were made after 1, 3, and 7 days of incubation at 35 C. Titrable acidity and pH were determined on the third day for ten selected organisms using duplicate tubes. This was accomplished by the use of a Photovolt4 pH meter. RESULTS Based on the data obtained by visual observations, no differences could be determined in the fermentation patterns exhibited by organisms when inoculated into carbohydrates sterilized by the three different methods. However, it occasionally was observed that some tubes of the autoclaved carbohydrates elicited a greater acid and gas production.
According to the 3-day pH and titrable acidity data, no differences were indicated in the fermentation patterns of carbohydrates sterilized by the three methods, as expressed in Tables 1 and 2 If one can assume that the glucose oxidase of the Glucostat preparation is specific for undegraded glucose, then it was apparent from the results obtained that glucose was not degraded at any time in the BPL sterilization treatment since the amount determined equaled that of the initial concentration.
These results are in direct contrast with those obtained by quantitative evaluation of glucose degradation after heat sterilization in the autoclave at 112 C for 10 min and 121 C for 15 min, respectively. It was found that autoclaving at 112 C for 10 min degraded 30.1 %o and autoclaving at 121 C for 15 min degraded 49.5 % of the glucose. In these studies 0.1 % glucose was used.
Warburg studies. It was considered desirable to further evaluate the effect of BPL degradation products on E. coli metabolism by a more precise and accurate method. Warburg oxygen uptake studies therefore were performed using BPL-, Seitz-, and autoclave-sterilized glucose as the substrates in a concentration of 0.005 %.
The rate of oxygen uptake was measured according ,.-Ol to established techniques in the Warburg respirometer at 35.2 C using single side arm flasks. Three separate determinations were performed in triplicate so that a total of nine sets of data was obtained. Each experiment was carried to 150 min and stopped irrespective of the levels reached. The data obtained were treated statistically to arrive at an arithmetic average, standard deviation, and 95 % confidence limits. The averages were plotted graphically so that uptake levels and overlap areas could be visualized.
From the results obtained and plotted in Fig. 1 and  2 , it can be seen that autoclaved glucose resulted in the highest oxygen uptake, followed closely by Seitzfiltered and BPL-treated glucose, in that order. Confidence limits to 95 % indicate that there is an overlap between the values for autoclaved and Seitz, for BPL and Seitz, but not for BPL and autoclaved glucose. DISCUSSION In general, pH and titrable acidity determinations showed that there were no differences between BPL-, Seitz filter-, or autoclave-sterilized carbohydrates after 3 days of incubation with ten selected organisms. However, visual observations occasionally revealed that autoclaved carbohydrate preparations elicited a greater acid and gas production. As a mechanism for this occurrence, it is suggested that there was a partial hydrolysis of the carbohydrate. This is evidenced by the fact that autoclave exposures at 112 C for 10 min and 121 C for 15 min caused a 30.1 % and 49.5% degradation, respectively, of 0.1 % glucose solutions.
A statistical analysis of confidence limits to 95% indicated an overlap in values between the Seitz-filtered and BPL-treated glucose, insofar as E. coli oxygen uptake is concerned. Because the Seitz-filtered glucose was considered to be the control system, it is felt that BPL-treated glucose proved to be satisfactory as a substrate for E. coli since no interference with the glycolytic mechanism was detectable. It was further shown in the Warburg respiration studies that the autoclaved glucose preparation supported a higher oxygen uptake than did the Seitz or BPL preparations. As previously suggested, E. coli may be better able to metabolize heat modified or degraded glucose.
According to the data presented, it is proposed that BPL may be used in the preparation of media for routine laboratory fermentative procedures. Such a procedure would obviate the difficulties encountered with the use of Seitz filter pads, e.g., fibrous shedding, iron and alkali deposits, and so forth (Sykes, 1958) . The results obtained also suggest the feasibility of applying the BPL sterilization procedure to fermentative processes which are sensitive to heat sterilized substrates. However, it must be considered, in view of the procedures involved, that the BPL sterilization method is lengthy and would not present a saving in time.
